
Symposium:  Adaptation for 
Landscaping Diversity in 

Farming and Habitat  
Introduction of Topics by Overview of Current 

Agricultural Adaptation Needs 
John Wiener, J.D., Ph.D. 

Program on Environment and Society,  Institute of Behavioral Science 
University of Colorado at Boulder 

Visitor, Research Applications Laboratory,  National Center for Atmospheric Research 

john.wiener@colorado.edu 
Related materials:  www.colorado.edu/ibs/eb/wiener/ 

Notes:  (1) this presentation is the view of John Wiener and not necessarily that of the 
other speakers in the symposium;  some revisions and additions after the meeting. 

(2) References and some discussion are often in “speaker’s notes” 

mailto:john.wiener@colorado.edu
http://www.colorado.edu/ibs/eb/wiener/


Symposium:  Adaptation for Landscaping 
Diversity in Farming and Habitat  

Introduction:  John Wiener, then… 
The Soil Conservation Connection…  Dr. Richard Cruse, 
Director Iowa Water Research Center, and Professor of 
Agronomy 
The Farm Scale…  Dr. Reagan Waskom, Director Colorado 
Water Institute, and Professor, Soil and Crop Sciences 
The Ditch Scale…  John McKenzie, J.D., Executive Director 
of the Ditch and Reservoir Company Alliance 
The Community Scale…  William Burnidge, M.S., M.B.A., 
Director, Grasslands Program and Eastern CO Programs, 
The Nature Conservancy 



A fast tour of the bad news 

• This presentation will be posted either 
separately or within a larger set of materials 

• www.colorado.edu/ibs/eb/wiener/ 
• On many presentations posted, the citation is 

in “speakers’ notes” part of the slide. 
• Materials can also be sent on request, though 

April – May  2013 are very busy. 
• Wish this were better news! 

http://www.colorado.edu/ibs/eb/wiener/


Drivers for SWSI  

“…water supplies are or will be inadequate to meet 
water demands, even under normal water supply 
conditions.” – U.S. Dept. of Interior 
      Water 2025 

From 2003 – NOT 
CONSIDERING 
CLIMATE 
DESTABILI- 
ZATION – 
 
WHAT  
GROWTH 
WILL DO… 
VERY 
OPTIMISTIC! 
 2012-  Colorado 
River study (cite below) 
 

Presenter
Presentation Notes
You can get this from Department of the Interior’s “water 2025” website, linked from Department home page, but I snagged the SWSI version with the green bar text added, since I like it better as a slide.  They used a few of my points, too, so this is fair.Important note in 2008 --  This was a policy initiative unveiled in 2003, without reference to climate destabilization!  Perhaps the recognition of climate will sharpen focus on important water issues in all agencies, as it has in many state agencies.Bureau of Reclamation, 2012, Colorado River Basin Water Supply and Demand Study. Washington, D.C.: U.S. Department of the Interior, and <http://www.usbr.gov/lc/region/programs/crbstudy/finalreport/index.html>.



1997 Data – 
Map from Gollehon 
and Quinby, 2000 
Water Resources 
Development 16(2)  

IRRIGATION 
DENSITY – 
THERE IS A 
LOT OF IT! 
 
this is just to 
show extent 
 
STILL MORE  
THAN 80%  
OF THE 
CONSUMPTIVE 
USE OF WATER 
IN THE WEST 

Cows are the big 
money in most of 
the West, but they 
are raised on cheap 
feed and hay – 
Irrigation is basic to 
the ag. economy 

Presenter
Presentation Notes
Figure 1. Distribution of irrigation in the American West. Note: Values mapped are1997 irrigated county land areas in farms divided by county areas clipped tocropland locales. Clipped areas with cropland are defined by excluding urbanareas, rural parks, and other areas in which cropping activities are scarce ornon-existent for other reasons. Total county areas are used in Alaska and Hawaii.Counties for which irrigated areas were not disclosed are assumed to have densitiesless than 1/10 per cent. Source:National Agricultural Statistics Service (1999a) data;irrigation location estimated by ERS.From Gollehon, N. and W. Quinby, 2000, Irrigation in the American West:  Area, Water and Economic Activity.Water Resources Development 16(2): 187-195.



SWSI slide  BIG questions about this: water to acres varies, and the basis 
of the demand estimate is uncertain… And, no climate effects! 

LOSE 12 to 23% of 
what’s left – or more?  

Presenter
Presentation Notes
The problems are these:  First, the size of the gap between water supply and demand is based on self-reported information about what projects and processes are underway to meet demand, by the drinking and other urban water providers.  They have serious incentives to not self-report that they are not going to meet demand – “Don’t move here!  We’re going to just hope for some bail-out!  We’ve got no budget for planning, no will to pay for new supplies, and an anti-tax political movement in full cry…  Take your investment somewhere else!”Heard that lately?  Me neither.  Second, whatever the size of the gap, the amount of land affected by taking off enough irrigation to meet a particular firm yield target in a dry year will depend on the seniority of the water rights.  The more senior, the higher the probability of the right being fulfilled.  Now we ask, then, how are less senior water rights used?  Since there have been a lot of senior rights already moved, we’re getting down the list to less senior, and are they applied to the same kinds of irrigated farming as the more senior?  One may suspect that economically rational farmers will use less reliable water rights for less-intensive farming.  Rather than a high-cost corn crop, they may use this water on a more drought resistant and lower-cost crop, such as alfalfa.  To the extent that this is a lower-revenue crop, the economic impacts of terminating irrigation are lower than for the higher-revenue crop.  But, the land use itself may be different – the lower-reliability water might be used more as supplemental irrigation on a larger area at lower rates of application; perhaps to get a third or third and fourth cutting of alfalfa – great if you can…  If the use of less and less reliable water rights is more and more extensive, then the areas affected may be larger and larger, with – of course – a limit from the expense and labor costs and conveyance losses of delivery and application.   Finally also affecting the potential changes to irrigated acreage are climate change impacts – increased ET that may increase need for irrigation, along with longer growing seasons and warmer nights, etc, etc….  See the literature on climate change.  Added after the presentation, this new reference for Colorado:Western Water Assessment, Cooperative Institute for Research in Environmental Sciences, 2008, Climate Change in Colorado: A Synthesis to Support Water Resources Management and Adaptation, Report to the Colorado Water Conservation Board.http://cwcb.state.co.us/NR/rdonlyres/B37476F5-BE76-4E99-AB01-6D37E352D09E/0/ClimateChange_FULL_Web.pdf



                                                
AGRICULTURE  IS THE BIG LAND AND WATER USE!!!  
AND THE EXTENSIVE SOURCE OF EXTERNALITIES 
THOUGH NOT THE ONLY SOURCE 

EVERY OTHER RESOURCE 
MANAGEMENT ISSUE INTERACTS 
WITH LAND AND WATER USE ---  

Presenter
Presentation Notes
Wiener, J., R. Crifasi, K. Dwire, S. Skagen and D. Yates, 2008, Riparian Ecosystem Consequences of Water Redistribution Along the Colorado Front Range, Water Resources Impact, May 2008, 10(3): 18-21.  Please consider going beyond that little introduction – the articles by Robert Crifasi are strongly recommended:Crifasi, R. R., 2002, The Political Ecology of Water Use and Development, Water International 27(4): 492-503Crifasi, R.R., 2005, Reflections in a Stock Pond: Are Anthropogenically Derived Freshwater Ecosystems Natural, Artificial, or Something Else?  Environmental Management 36(5): 625-639. 



Colorado Front Range (Center of the American West, on 
the internet with two other cases) 

Presenter
Presentation Notes
Details are on the website from which this is taken Center of the American West, University of Colorado, 2005, Western Futures Project, <http://www.centerwest.org/futures/frtrng/>, accessed 09 December 2005.



Source: National Agriculture Imagery Program (NAIP) 
Slide by Tom Dickinson, Institute of Behavioral Science, CU-Boulder 

Conversion of Best Farm land 
North of Denver,  CO 

One square mile 

Presenter
Presentation Notes
This slide is just to illustrate the kind of landscapes that are resulting form rapid development of agricultural lands; this was some of the best farmland in the US.  I noted Boyd Lake and I-25 (Interstate 25) for orientation, and framed a section of land (one square mile, 640 acres) for sense of scale.  You can see the size of a center pivot system, the green circles which are 1/4 sections at full size though they can be smaller.  And, the blue lines are irrigation ditches, highlighted by Tom Dickinson who made the slide for us.
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Data source: Landsat Enhanced Thematic Mapper, 2005.  
Map by Thomas W. Dickinson, Institute of Behavioral Science, 
University of Colorado at Boulder 

The green area includes land 
unintentionally wetted by 
irrigation return flows and 
conveyance loss -- it may 
now be important habitat – 
the “natural” is long gone. 

Presenter
Presentation Notes
See presentation to American Water Resources Association, 2008, posted at same website as this.  The essential problem: when water is transferred from irrigation use (or any other use), only the consumptive use fraction is movable.  The return flows must be maintained, but they are not maintained in the same places – only in the stream from which the diversion was made or to which the return flows go.  This allows dewatering the areas unintentionally irrigated and sub-irrigated by current patterns of return flow – the green parts not irrigated on purpose.  Since the previous environmental conditions – the variety of kinds of wetlands, etc --  have been almost completely displaced, this is the substitute left, and in some ways it is much richer than before irrigation water distribution.  But, there is little information about this.



This is where the best land and water is or was, and the extreme 
 rates of land conversion out of farming (see also Francis et al. 2012) 

Affecting the “small ag” 60% 
 of farmland… 

Presenter
Presentation Notes
http://www.ers.usda.gov/Publications/EIB89/EIB89.pdfNickerson, C., R. Ebel, A. Borchers, and F. Carriazo, 2011, Major Uses of Land in the United States, 2007.  USDA ERS: Economic Information Bulletin No. 89.  Washington, D.C.: USDA.See also: http://www.ers.usda.gov/ChartsOfNote/Default.aspx?mode=detail&id=350Only a relatively small fraction of the American landscape is dedicated to urban uses (about 3 percent), however, the U.S. population continues to grow which, in combination with household formation, influences the use and value of agricultural and forestland. Nationally, about 20 percent of the land in farms was subject to some form of urban influence in 2007. On average, ERS estimates that an additional 4 percent of agricultural land became newly subject to urban influence between 1980 and 2000. The relative influence of urban areas expanded the most in the Appalachian and Southeast regions, where ERS estimates an additional 13 percent of land became newly subject to urban influence over this 20-year period. On a State level, the greatest proportion of land in Delaware—an additional 40 percent of farmland—became newly subject to urban influence by 2000. This map is found in the ERS report, Major Uses of Land in the United States, 2007, EIB-89, December 2011. The data that underpin the report are available in Major Land Uses, a data product on the ERS website, updated February 3, 2012.Francis, C.A., T.E. Hansen, A.A. Fox, P.J. Hesje, H.E. Nelson, A.E. Lawseth, and A. English, 2012, Farmland Conversion to Non-agricultural Uses in the US and Canada: Current Impacts and Concerns for the Future.  International Journal of Agricultural Sustainability 10(1): 8-24.



The “Hidden Half” of US Agricultural Potential: 
National Research Council 2010: Toward Sustainable 

Agricultural Systems for the 21st Century 

“Small and mid-sized family farms together owned two-thirds of 
the total value of farmland, buildings, and equipment and 
managed roughly 60 percent of all U.S. farmland and cropland in 
2007…” (p. 49) 

For the 87% of farms with sales <$250k/y, there was only 
7% of the net farm income;  about 80% of net income 
want to bigger sales farms… (p. 69)  
See Family Farm Reports from USDA ERS…  
There are important locational and size qualities of the small farms: 
critical in the peri-urban mosaic we want to preserve! 
Amenity and recreational (and real estate) values, ecosystem 
services, habitat and Integrated Pest Management values…  and the 
increasingly valued local and fresh food and associated values… 

Presenter
Presentation Notes
National Research Council 2010, Towards Sustainable Agricultural Systems in the 21st Century.  Washington DC:  National Academies Press and on-line.Same information: Hoppe, R. and D.E. Banker, 2010, Structure and Finances of U.S. Farms: Family Farm Report 2010 Edition.  Washington, D.C.: USDA ERS EIB No. 66.On the importance of peri-urban or ‘areas of metropolitan influence’ farming, in terms of agricultural activity and outputs, see Esseks, D., Oberholtzer, L., Clancy, K., Lapping, M., Zurbrugg, A., 2009, Sustaining Agriculture in Urbanizing Counties: Insights from 15 Coordinated Case Studies.  University of Nebraska, Lincoln.  Available through American Farmland Trust website at  <http://www.farmland.org/resources/sustaining-agriculture-in-urbanizing-counties/documents/Sustaining-agriculture-in-urbanizing-counties.pdf>.  



Meanwhile, “Small family farms account for most U.S. farms 
and a majority of farm assets”   

(USDA Chart of Note, 06 Feb 2013; Hoppe and Banker 2010 Family Farm Report) 

But, 60% of 
 cropland? 
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http://www.ers.usda.gov/data-products/chart-gallery/detail.aspx?chartId=34939&ref=collection#.UUuH6Fc3lng  (accessed 21 Mar 13)Ninety-seven percent of U.S. farms are family farms where the majority of the business is owned by the operator and individuals related to the operator. The remaining 3 percent are nonfamily farms, which produced 15 percent of the value of agricultural output in 2011. Two features of family farms stand out. First, there are many small family farms (having less than $250,000 in annual sales); together, they account for 87 percent of all U.S. farms. Second, large-scale family farms account for most of the Nation’s agricultural production—70 percent in 2011, as measured by value of output. The share of farm assets held by small farms is substantially higher than their 15-percent share of production. Small-scale family farms hold about 56 percent of all farm assets. The disproportionate asset holdings of smaller farms reflects their overinvestment, particularly in land and dwellings, for purposes other than production, and economies of size enjoyed by larger farms that allow them to produce more with the resources they control. This chart updates one found in the 2010 Edition of the ERS report, America’s Diverse Family Farms, with 2011 Agricultural Resource Management Survey data recently added to the ERS Web tool.The 63% figure is from 2007 data used in Hoppe and Banker 2010, the family farm report.  It is likely a bit less, due to increases in “sodbusting” of grasslands for new grain production, and other factors.  See Wright, C.K. and M.C. Wimberly, 2013, Recent Land Use Change in the Western Corn Belt Threatens Grasslands and Wetlands.  Proceedings of the National Academy of Sciences (of the U.S.) 110(10): 4134-4139.The “farm assets” category includes a great deal of facilities and buildings, livestock, equipment, etc. as well as land.



 Bifurcation of US Farming:  Two Sets of Problems 
• For the small operations with 60% of US Farmland but only 16% 

of sales… and 7% of net farm income:   
• Urbanization, rural residential development 
• Inability to finance resilience to climate and “markets”! 

• For the Big CAFO and Monocultural conventional  
• Erosion of soil, soil quality losses = Next talk! 
• Herbicide and other resistance evolving fast; no till at risk! 
• Input prices out of control, net being squeezed, treadmill 
• Water quality worsening with more corn, new land in crops? 

• FOR EVERYONE:  CLIMATE VARIATION AND CHANGE – higher 
intensity precip events, more frequent extremes with cumulative 
impacts… 

• “THE SMOKING GUN”:  25 years, same # acres but 22% are not 
the same acres!   DISPLACEMENT FROM BEST LAND 

Presenter
Presentation Notes
Inability to finance transition was made clear to me in interviews in the late 1990s with agricultural lenders in Colorado, but it is a national problem.  Most recently, good reviews are provided in USDA Technical Information Bulletin No. 1935,  Walthall et al. 2012,  “Climate Change and U.S. Agriculture..”; and in National Research Council, 2010, Toward Sustainable Agricultural Systems in the 21st Century.eThis slide is a headline summary and hard to properly reference given the many claims made.  The basics are in the NRC 2010, and in the Walthall et al. 2012 Climate Change and U.S. Agriculture, USDA Technical Information Bulletin No 1935, and in the IPCC 2012 Special Report on Weather and Climate Extremes, the Draft Third National Climate Assessment, from the US Global Change Research Program (Jan 2013 public review draft), and the International Assessment of Agricultural Science, Technology and Knowledge for Development (2009).  The other global overview of great value is the United Kingdom Office for Science  “Foresight” report – actually many reports summarized but available, on the Future of Food and Farming.  Because of policy, USDA information on input prices is statistical, and frequently updated by the Economic Research Service, and while there is a very good report on fertilizer prices and sources, Huang et al. 2009, the source for my claim on input prices being out of control is the ERS reports plus anecdotes about why the N prices are now following corn prices, rather than natural gas prices.  On new land in crops, the USDA has a variety of sources on this, and the most recent item by Wright and Wimberly on conversion of grasslands in the Corn Belt area of the U.S.:Wright, C.K. and M.C. Wimberly, 2013, Recent Land Use Change in the Western Corn Belt Threatens Grasslands and Wetlands.  Proceedings of the National Academy of Sciences (of the U.S.) 110(10): 4134-4139.McIntyre, B.D., Et al., Eds., 2009, Global Report:  International Assessment of Agricultural Knowledge, Science and Technology for Development (IAASTD):  Agriculture at a Crossroads.  Also available on internet.Government Office for Science, (United Kingdom), 2011, Foresight: The Future of Food and Farming; Final Report.  London.  Available on internet.  (Note: as well as full references in report, the Project also posted 38 reviews and working papers written in support;  available at <http://www.bis.gov.uk/Foresight.>USGCRP, 2009:  Karl, T.R.,  J.M. Melillo and T.C.Peterson, Eds., 2009, Global Climate Change Impacts in the United States.  Cambridge: Cambridge University Press, and available on-line:  www.globalchange.gov/usimpacts  (accessed February 2011).Displacement:  78%/22% figure from Nickerson et al. 2011:   Nickerson, C., M. Morehart, T. Kuethe, J. Beckman, J. Ifft, and R. Williams, 2012, Trends in U.S. Farmland Values and Ownership.  Economic Information Bulletin No. 92.  Washington, D.C.:  USDA Economic Research Service.Nickerson, C., R. Ebel, A. Borchers, and F. Carriazo, 2011, Major Uses of Land in the United States, 2007.  Economic Information Bulletin No. 89.  Washington, D.C.: USDA Economic Research Service.  



Big Equipment, Big Bucks… 

 
• Drought drives uptick in fertilizer applicator sales 
• by Jodie Wehrspann Farm Industry News e-mail, 19 Mar 13 
• Mar. 14, 2013  
• Farm King, a division of Buhler Industries, showed a new 60-ft. liquid fertilizer applicator for the first time at the 2013 National Farm Machinery Show. Tony 

Fath, product specialist with Farm King, says the product has generated a lot of interest since then, as farmers question how much fertilizer remains in the soil 
after last year’s drought. 

• “Because of the drought, a lot of farmers are wondering whether there was enough moisture to get fertilizer down into the soil profile,” Fath [of Farm King 
co.] says. “It’s the perfect storm to create an uptick in sidedress applications.” 

• The new 60-ft. unit, the company’s largest to date, is Farm King’s first entry in the 60-ft. fertilizer-applicator market. “The most popular size of corn planters 
sold today is 60 ft., so the applicator needs to follow that [width],” Fath says. 

• Suggested list price: $96,100 for the 2,400-gal. model 2460 with 60-ft. toolbar, 25 coulter/30-in. spacing as seen at the show. 
• Contact Farm King, 2500 Airport Dr. S.W., Willmar, MN 56201, 320/235-1496, email info@buhler.com, or visit www.farm-king.com 
 

A 60 Foot fertilizer 
applicator – to match 
most frequently  
bought corn planter 

http://m.farmindustrynews.com/author/jodie-wehrspann
mailto:info@buhler.com
http://www.farm-king.com/


Back to pre-emergent see, post-emergents…. Tillage…  Stay with the package 
But make the package more complicated… And, see National Research Council 2012 Summit  
On managing resistant weeds… 

Presenter
Presentation Notes
Council for Agricultural Science and Technology, 2012, Issue Paper No. 49: Herbicide-resistant Weed Threaten Soil Conservation Gains: Finding a Balance for Soil and Farm Sustainability.  Ames, IA: Council for Agricultural Science and Technology.  <www.cast-science.org>  and    National Research Council,  2012c, National Summit on Strategies to Manage Herbicide-Resistant Weeds: Proceedings of a Symposium.  Washington, D.C.:  National Academies Press. Herbicide Resistance: Why it matters and how it relates to national security, climate change and climate services:First, national security that includes food systems as argued in this presentation is threatened by the strategic mistake of massive displacement of diversity and complex rotations by monoclonal, beyond monocultural agriculture which relies heavily on the temporary and unsustainable use of short-lived advantages in the evolutionary race of herbicides and pesticides versus adaptation.  The extremely high level of uses of assorted biocides have created evolutionary selection of resistant organisms, which may face little competition due to the lack of competition, and therefore rapid spread and success.  There are high levels of natural variability in wild organisms, which are reservoirs for resistance.Second, we have little information on the interactions of high levels of biocides with soil biota over long periods, and little information on the complexity of additional changes in biocides applied, and agricultural techniques.  Further changes in the conditions of soil fertility may come from climate variation, and biological community composition related to invasives, the human selection pressures, and the interactions of pressures.  Long-term soil-building processes may be adversely affected by increasing applications of biocides and the impacts on soil biology.The increase of resistance to herbicides has stimulated what may be a reversal in the trend toward conservation or reduced or no-till agriculture, increasing the use of soil tillage for weed control, which may increase the areas exposed to high-intensity precipitation and high wind events, increasing erosion and affecting soil fertility and perhaps qualities of run-off and drainage waters.Finally, as the costs and complexity increase, in the use of herbicide-resistant crops and packages of herbicides and increasingly-promoted additional treatments with other herbicides, the financial vulnerability of small agriculture may be increased with increasing pressure on the bifurcation of the agricultural sector, as described here briefly and see Hoppe and Banker 2010.  Summary:  Failed strategies of single-crop single biocide monoculture may lead to increasing exposure of soils to erosional events as well as weakening the soils in biological terms, possibly affecting soil structure and chemistry and further degrading fertility and increasing erosivity on the conventional large-scale farming, while failed strategies promote financial vulnerability and increased exposure of soils to mismanagement on the small ag side.   Argument:  Climate information about increasingly erosion-promoting conditions should be more widely disseminated, and integrated into agricultural policies (e.g. terms of Conservation Reserve Program contracts which may help protect highly-erodible soils until they are most at risk during high-stress drought conditions when they can be “released” for grazing!).   Farmers and agricultural advisors may want to begin planning for more climate-responsive and diverse rotations of crops and fields to reduce vulnerability, and to begin transition away from the packages of herbicide-resistant monoculture plus one or more herbicides.  Climate services should include emphasis on changing seasonality of precipitation and high-intensity events, soil surface freeze and thaw conditions and seasonality, and weather conditions that should influence the timing of agricultural operations which affect exposure to adverse conditions and events.  



The response to herbicide-resistant weeds? 
• Return to tillage, stay on the treadmill of high inputs! 
• “Stack” herbicide resistance traits into the crops:  

back to 2, 4-D and “dicamba” – on with the show! 
• New packages: the seed, and the glyphosate and the 

additional second herbicides and additional 
treatments pre-emergent, post-emergent?  “Burn-
off” between crops with additional herbicides? 

• “evolution will win” – but what damage will we do? 
• Is this just the wrong thing to do with climate change 

increasing the intensity of precipitation?  
– IPCC – Special Report on Extremes of Weather and Climate 
– USDA Tech. Info. Bull. 1935: Climate Change and U.S. Ag…  
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Presentation Notes
This is a very complex area, partly because of the enormous range of externalities imposed by wide-spread herbicide use, including scale-dependent ecological impacts on not only target weeds, but other crops, the risks for other producers potentially or actually affected, marketing issues not least of which are standards and commodity demands from dominant oligopsonies, effects on pollinators, natural pest enemies, weed competition and shifts…  There is a truly chilling preview of what has happened and is happening in the Zadoks and Waibel paper from 2000, by a plant scientist and an economist, about how these markets work in the political economy.  A small sample of literature – see also National Research Council 2010, Towards Sustainable Agriculture in the 21st Century, and 2012, A Sustainability Challenge: Food Security for All: Report of Two Workshops.  Baker, R., 1991, Diversity in Biological Control.  Crop Protection 10: 85-94.Breckling, B. and H. Reuter, 2009, Up-scaling Ecological Effects of Genetically Modified Plants in Agriculture.  [Introduction to Special Issue].  Ecological Indicators 11: 935 [and rest of issue].Duke, S.O., 2011, Comparing Conventional and Biotechnology-Based Pest Management.  Journal of Agricultural and Food Chemistry 59: 5793-5798.Gaines, T.A. and 16 others, 2010, Gene Amplification Confers Glyphosate Resistance in Amaranthus palmeri.  Proceedings of the National Academy of Sciences 107 (3): 1029-1034.Mortensen, D.A., J.F. Egan, B.D. Maxwell, M.R. Ryan, and R.G. Smith, 2012, Navigating a Critical Juncture for Sustainable Weed Management.  BioScience 62(1): 75-84.Raloff, J., 2011, Widespread Use of Herbicides Fosters Immunity.  Science News 7/2/2011 180 (1): 5-6 and links.Wright, T.R. and 16 others [15 also from Dow AgroSciences, and 1 other from University of Missouri], 2010, Robust Crop Resistance to Broadleaf and Grass Herbicides Provided by Aryloxyalkanoate Dixygenase Transgenes.  Proceedings of the National Academy of Sciences [US] 107 (47): 20240-20245.  AND SEE Egan, J.F., B.D. Maxwell, D.A. Mortensen, M.R. Ryan and R.G. Smith, 2011, Letter:  2, 4-Dicholorophenoxyacetic acid (2, 4-D) – Resistant Crops and the Potential for Evolution of 2, 4-D – Resistant Weeds.  Proceedings of the National Academy of Sciences 108 (11): E-37,  AND Wright, T., G. Shan, T. Walsh, and M. Peterson, 2011, Reply to Egan et al.: Stewardship for Herbicide-resistant Crop Technology.  Proceedings of the National Academy of Sciences 108 (11): E-38.  Zadoks, J.C. and H. Waibel, 2000, From Pesticides to Genetically  Modified Plants: History, Economics and Politics.  Netherlands Journal of Agricultural Science 48: 125-149.IPCC 2012, Intergovernmental Panel on Climate Change, Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation.  Cambridge and New York: Cambridge University Press and website of the IPCC.  Walthall, C.L., J. Hatfield, P. Backlund, L. Lengnick, E. Marshall, M. Walsh, S. Adkins, M. Aillery, E.A. Ainsworth,C. Ammann, C.J. Anderson, I. Bartomeus, L.H. Baumgard, F. Booker, B. Bradley, D.M. Blumenthal, J. Bunce, K. Burkey, S.M. Dabney, J.A. Delgado, J. Dukes, A. Funk, K. Garrett, M. Glenn, D.A. Grantz, D. Goodrich, S. Hu, R.C. Izaurralde, R.A.C. Jones, S-H. Kim, A.D.B. Leaky, K. Lewers, T.L. Mader, A. McClung, J. Morgan, D.J. Muth, M. Nearing, D.M. Oosterhuis, D. Ort, C. Parmesan, W.T. Pettigrew, W. Polley, R. Rader, C. Rice, M. Rivington, E. Rosskopf, W.A. Salas, L.E. Sollenberger, R. Srygley, C. Stöckle, E.S. Takle, D. Timlin, J.W. White, R. Winfree, L. Wright-Morton, L.H. Ziska. 2012. Climate Change and Agriculture in the United States: Effects and Adaptation. USDA Technical Bulletin 1935. Washington, DC.  Available at  <http://www.usda.gov/oce/climate_change/effects_2012/CC%20and%20Agriculture%20Report%20%2802-04-2013%29b.pdf>  (accessed March 2013).



habitat of soil biota…  diversity … abundance 

downpours… increased soil erosion… 

affect soil chemistry and biology… 

water retention capacity… soil organic matter… 

impacts of intense rainfall and drought… 

See also Crop Science Society of America, 
2011, Position Statement on Crop Adaptation 
To Climate Change. 

NEW:  USDA Technical Information  
Bulletin No. 1935:  Climate Change and  
U.S. Agriculture…  Walthall et al. , 2012  
 and National Climate  
Assessment, Draft January 2013.   

From the joint statement of ASA, CSSA, SSA… 
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American Society of Agronomy, Crop Science Society of America, and Soil Science Society of America, 2011, Position Statement on Climate Change.  Madison, WI:  American Society of Agronomy et al.; https://www.agronomy.org/science-policy/issues/climate-change.And see Crop Science Society of America, 2011,  Position Statement on Crop Adaptation To Climate Change.  Madison, WI:  Crop Science Society of America <www.crops.org>.  



 The Real Goal:  Conserve inherent 
agricultural capacity 
A working definition: 

Capacity of agricultural resources, including 
soils, techniques, crafts, and skills, live true-
breeding seeds and livestock, to produce 
food, feed and fiber with inputs only from 
local and regional agricultural and related 
activity. 
 
 Right now, the only piece of the puzzle were burning faster than good soil is farmers! 



So… Keeping Water in Ag is NBNS!  
(Necessary But Not Sufficient) 

• Better water management possible 
– PARTICIPATION, PARTNERSHIPS… 
– COST COMPARISONS needed, short-term 
– GOALS and VALUES needed, long-term 
– PARTNERSHIPS and MONEY– not just talk…   

– Integrated Water Resource Management IF 
YOU CAN… take the time and have the money 

• Better water transfers ARE NOT ENOUGH 
– Threats to  conventional agriculture 
– Water too valuable for some farming (under current 

market conditions) – How to get out of market? (see notes) 
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On procrastination, see paper posted, “Drought, Climate Change, and Colorado’s Public Policy Process: Participation or Procrastination?” On land management associated with water, see http://aic.ucdavis.edu/research1/Conserv.ag.pdf – “Conference on Compensatory Options for Conserving Agricultural Land”.Conference held in 2003.  Includes VERY STRONGLY RECOMMENDED paper by David L. Carlson, who for many years was Resource Analyst, Colorado Department of Agriculture. “Agricultural Preservation and Development Associations” -- <http://216.197.108.135/documents/29673/Ag_Comp_Options4_.pdf#page=228>.NEW reference:  Special Issue, Principles of Integrated Agricultural Systems,  Renewable Agriculture and Food Systems (Cambridge) Vol 23 no.4, pp 263-337; December 2008.  Written mainly by scientists from the USDA Agricultural Research Service, this set of articles provides a thorough review (if politically a bit obtuse) of issues forcing change in and to current conventional commodity crop high-input agriculture, and trends in livestock, led by supply chain vertical integration and continuing increasing concentration of control.  The articles are richly referenced, providing excellent access to source materials.\Dimitri, C., A. Effland, and N. Conklin, 2005, The 20th Century Transformation of US Agriculture and Farm Policy.  USDA Economic Research Service, Economic Information Bulletin No. 3 <http://www.ers.usda.gov/publications/eib3/eib3.pdf>Nickerson, C. and C. Barnard, 2006, Farmland Protection Programs, pp. 213-221 in Wiebe, K. and N. Gollehon, Eds., Agricultural Resources and Environment Indicators, 2006 Edition, USDA ERS <http://www.ers.usda.gov/publications/arei/eib16/eib16_5-6.pdf>.The argument about getting resources out the market is non-trivial, but the basic point is that well-managed living resources have a negative discount rate.  That is, “discounting to present value” for dead resources has a positive (greater than zero) rate at which one discounts the future to present value.  A negative discount rate means the resources are worth more in the future, not less.  By accounting for living resources as if they were dead and depreciating, we make profound mistakes.  This is sometimes argued to be the necessary consequence of human nature, but that argument is circular: we play by these rules so that proves that we play by these rules…  Actually, anyone with attachment to their place does not follow those rules, and anyone with children or grandchildren acts contrary to that glib and malignant mistake.  Most of what we really care about is worth more in the future, and we invest very heavily in getting children and descendants what we can give them.  If the fallacy of “we’re all inevitably short-sighted or childish” were true, huge sets of resources could have been trashed long ago; destruction of forests, herds, schools of fish, etc.  has been within human capacity for a very long time, but fortunately not done.  “Green accounting” is generally the attempt to impose a more accurate accounting stance (in econ terms) – a better set of what is in the story and what is not.  Ecosystem values not accounted for, or treating destruction with short-term economic flows as the same as production with short-term economic flows are the classic targets for green accounting efforts; sometimes these are included in life-cycle costing.  But the reality of the negative discount rate seems largely over-looked except in the way most people act.



Thinking out of the farm-scale box 

• “If it was just losing the water, why did we lose so 
many farms in the wet years?” 
– Often asked; not answered often 

• My argument: farmers and ranchers need to use 
all their assets, with water as key,   AND… 

• Cities and water managers are critical partners  
– Where states dont act or are self-crippled  
– Citizen have far wider interests than water rates 
– Water suppliers have foresight! 
– And cities have cheap long-term capital 
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The realization that cities are the critical element comes from two converging sets of observations.  First, cities are taking action, in response to citizen interests in responding to global climate change, as well as local needs and interests in the environment, despite strenuous opposition.  Boulder, CO is an excellent example of people who care making a real differenceas shown in the remarkable leadership in open space and agricultural preservation. City of Boulder, CO., 2009,  Facts about Open Space and Mountain Parks. (28 APR 2009);  <http://www.bouldercolorado.gov/index.php?option=com_content&task=view&id=1166&Itemid=1084>.And see County of Boulder, CO, 2009, Open Space Road-show Presentation, 2007 (28 APR 2009);  http://www.bouldercounty.org/openspace/general_pdfs/os_road_show_2007_Web.pdf+++The point that citizens are also enjoyers of amenity, consumers of local quality of life and recreation, very fast-increasing consumers of local produce, and supporters of conservation may be best shown by the Trust for Public Land tallies, “Conservation Vote” of the remarkably high votes to support local government investment in land conservation programs of all sorts.  The point about local food and local amenities and recreation is too big to quickly summarize, but see USDA “Organics” Briefing Room, on the website of the USDA Economic Research Service.  Very recent publications from the USDA include Matson, J. M. Sullins and C. Cook, 2013, The Role of Food Hubs in Local Food Marketing.  USDA Rural Development Service Report 73.  Washington, D.C.: USDA.   <http://www.ams.usda.gov/AMSv1.0/foodhubs>.And, Barham, James, Debra Tropp, Kathleen Enterline, Jeff Farbman, John Fisk, and Stacia Kiraly. Regional Food Hub Resource Guide. U.S. Dept.  of Agriculture, Agricultural Marketing Service. Washington, DC. April 2012. http://dx.doi.org/10.9752/MS046.04-2012.+++The foresight of water supply managers is evidenced in their “invisible” success in meeting sometimes grotesquely rapid growth rates in demand… For academic or research evidence, aside from books and monographs, one might start with the Journal of the American Water Resources Association; the Integrated Water Resources Management study is a fine example of what is sought, and see also the van de Meene meta-analysis, for a start…American Water Resources Association, Policy Committee, 2012, Case Studies in Integrated Water Resources Management: From Local Stewardship to National Vision.  Middleburg, VA: American Water Resources Association.  www.awra.orgvan de Meene, S.J. and R.R. Brown, 2009, Delving in the “Institutional Black Box”:  Revealing the Attributes of Sustainable Urban Water Management Regimes.  Journal of the American Water Resources Association 45(6): 1448-1464.van Steenbergen, F. and B. Lamoree, 2006, Values and Finances: Making IWRM Work.  Journal of Contemporary Water Research and Education, Issue 135:100-106. +++The point about cheap long-term capital is that cities (and states) can use tax-exempt municipal bonds, which means that because of the policy-based exemption from capital gains and income tax on the interest paid on long-term local, qualified district and state bonds, the receiver of the interest gets a return as large as if the bond paid a higher rate of interest, without the bonding government having to pay the higher rate, saving the cities a great deal of money.  And, allowing them to use a 30 year period to help match the costs and benefits of projects.  



Soil and Water Conservation 
Society 
Ankeny, Iowa 
2010 
THIS IS THE SOURCE on 
 disproportionality (see 
notes) of impacts on water 
from some operations.  But, 
now, add disproportionality 
in glyphosate 
resistance management. 
 
LANDSCAPE scale allows FAR 
BETTER TARGETING – 
New placement strategy for 
filters and buffer strips… 
Compatible with Integrated 
Pest Management, and with 
nutrient capture and use --- 
 
WHAT WOULD YOU DO IF YOU 
OWNED ALL THE PIECES? 
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http://www.swcs.org/en/publications/managing_agricultural_landscapes_ii/;  National Research Council,  2012c, National Summit on Strategies to Manage Herbicide-Resistant Weeds: Proceedings of a Symposium.  Washington, D.C.:  National Academies Press.  “Disproportionality” is the term for a small percentage of operations or farms or lands contributing a disproportionally high amount of negative externalities and losses, such as soil erosion, water pollution, and management which accelerates the evolution of resistance to control chemicals or techniques.  This is a significant policy problem because farmers are allowed to generate costs on others through their exemption for non-point pollution from the Clean Water Act, and freedom to farm as they wish with only a few exceptions for directly harmful nuisance or injury to others.  So, for instance, a program designed to target these “bad actors” may have the effect of getting the best return on the public investment, but by helping increase the productivity and long-term value of the assets of those who are the worst, rather than helping those who have already sought to improve management.  



Voluntary Adaptation (see notes) 

• Can’t force conservation on private land/water  
• Can’t buy them into social optimum 
• Can’t buy them into very long-term… 
• BUT – Can we help them organize on “right-size” 

scales, help with tools like municipal finance 
capacity (long-term cheap capital!) 

• Help with support for ecosystem services, 
amenities, recreational values…. 

• WAYS TO TRANSITION TO SUSTAINABLE FOR 
“THEIR” REASONS…  WHAT WOULD YOU DO IF 
YOU OWNED ALL THE PIECES? THINK BIG! 
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The phrase “voluntary adaptation” is taken from the National Research Council, 2010, Adapting to Climate Change – a major study in the series on “America’s Climate Choices”.  The point being emphasized is that we want private owners to undertake changes, and since we can’t afford to buy them into doing all we want (or in the ugly term, “incentivize”), and we have allowed them to act in the short-term interest only, and given up the rights to control destruction of productive resources (for various reasons which are partly fundamentally right), we had darn well better get busy on finding ways to make it worth their while and within their capacity to “do the right thing”!



 Beginning Points 
• An emerging challenge: to take the idea of maximum 

economic yield (not the same as maximum yield of an 
output, but best return on investment of inputs)… and 
apply that to the long planning horizon! 

• RIGHT-SIZING – best scale for a given combination of 
operations… (e.g. best scale for an on-farm energy need 
not same as for export) – economies of scale. 

• AND INTEGRATED MULTIFUNCTIONAL AGROECOLOGY 
– combine sets of right-sized operations, resources, and 
projects to achieve higher levels of resilience… (e.g., 
sets of renewable energy sources and scales of farms 
and cooperating groups of farms and ranches). (long note!)  
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Local Preference – transition hope? 
• Sharp change in consumer preference since 

USDA “organic lite” standards 
• Big Willingness To Pay – US wide, rural as well 

as urban – for Local 
• Enormous increases in Community-Supported 

Agriculture, direct sales and Farmers’ Markets, 
as well as “local” with premium prices in big 
retail chains… 

• And, big electoral support for local land 
preservation and open space (Trust for Public Land “conservation vote website) 
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Welsh, R., 2010, Editorial: Sustainable Agriculture Systems in a Resource-Limited Future.  [Introduction to Special issue]. Renewable Agriculture and food Systems 25(2): 83-84	Describes contents of articles and intention of special issue; need for social, political and economic changes as core parts of solving climate and resource problems.  Kirschenmann shows “that resilience is at least as important to food security as maximum productions, and consumer concerns provide us with unprecedented opportunities for farmers and consumers to come together…” (P. 83) “The rise and increasing popularity of labels designed to compensate producers for adopting certain types of food production and manufacturing practices coincide with an unprecedented need to reward firms that shift toward more sustainable systems.”  (P. 83). Kirschenmann, F., 2010,  Alternative Agriculture in an Energy- and Resource-Depleting Future.  Renewable Agriculture and Food Systems 25(2): 85-89. Adams, D.C. and M.J. Salois, 2010, Local Versus Organic: A Turn in Consumer Preferences and Willingness-To-Pay.  Renewable Agriculture and Food Systems 25(4): 331-341.	Demand for local food has increased over past decade… review of literature on characteristics studied in consumer preferences and WTP showed that there was a big change in preferences for “organic” before the USDA federal standards and corporate co-optation for “organic lite”, to “local” afterwards.   Q p. 331:  “What began as an alternative to industrial agriculture and conventional food has developed into a local food movement….  According to the USDA’s Agricultural Marketing Service, in 1994 there were 1744 registered farmers’ markets, which grew to 4685 in 2008… Total value of sales at farmers’ markets in 2007 was $1.2 billion, up from $404 million in 1992. … The number of CSAs in the US has increased from just 50 in 1985 to about 2500 in 2008.  Other outlets for local food sales such as roadside stands, small and independent local grovers and direct sales to local restaurants have also seen significant growth….  	“The value of local food in the US market jumped from an estimated $4 billion in 2002 to about $5 billion in 2007, and is expected to increase to $7 billion by 2012.”  (Citations omitted). [the $7 billion and sentence cites:Tropp, D., 2008, Emerging Opportunities for Local Food in U.S. Consumer Markets.  USDA AMS, available at website http://www.ams.usda.gov/ see alsoTropp,  D., 2008,  The Growing Role of Local Food Markets: Discussion.  American Journal of Agricultural Economics 90(5): 1310-1311. Adams and Salois 2010:  Took USDA 12 years to adopt standards under 1990 Organic Food Production Act…  concern that the rule “not disparage the rest of the food supply”! By 2006, the price premium and demand had drawn large agribusinesses… 2006 sales of organic food were $16.7 B (3% of US $596 B food market) Annual growth of 20.9%  (Tropp 2008, Am J Ag Econ) Q 332:  USDA stds are technical process based….  “food could still be labeled organic if it was made by General Mills corporation,  produced in China using forced labor, and sold only through Wal-mart.”  citation:  Jim Hightower!  Earth Island Journal. Q 332:  The standards and “conventionalization” of “organic” excluded the small producers from the boom in demand… bifurcation: very large and very small producers…  “…forced toward large-scale, least-cost, input-oriented standards, and smaller competitors and those not adopting a least-cost production model were largely marginalized.”  (Citation omitted)(continues)Q 332:  “Today, the organic market essentially functions as an oligopsony, with a small number of very powerful wholesaler/retailer ‘organic giants’ who limit farmer income; about 80% of the organic food market is handled by just two national distributors.”  (Citations omitted) (one of them: Guthman, J., 2003, Fast Food/Organic Food: Reflexive Tastes and the Making of ‘Yuppie Chow’.  Social and Cultural Geography 4(1): 45-58.) Adams and Salois 2010   Values sought in organic are now being in sought in local, including community and cultural values. Q 333:  “Organic food lost its essential nature as an alternative to industrial agriculture.” (Citation omitted) Just 16% of organic food is sold through direct marketing channels… Q 333:  “Many consumers have turned to local foods as a more holistic and authentic substitute for organic.”   Adams and Salois 2010  Examine the turn from organic to local in WTP studies over time’ change began late 1990s  (citing many studies, many places)   Consumer preference studies from: Maine, Massachusetts, New England, New Jersey, Pennsylvania, West Virginia, Delaware, Florida , Ohio, Indiana, Wisconsin, Midwest, Tennessee, Missouri, Iowa, Nebraska, Colorado, Oklahoma, California. Strong WTP for local ag and farmers Change in preferences (or how to express them) also accompanied by increase in consumption of vegetables and fruit, steadily increasing 1980s and 1990s… including restaurants and chefs discovering local food and fresh food… Food Attributes Matter! – selected references:Bernard, J.C. and D.J. Bernard, 2009, What is it About Organic Milk?  An Experimental Analysis.  American Journal of Agricultural Economics 91(3): 826-836.Study of  WTP for food attributes… experimental analysis showed WTP for rBST-free and no anti-biotics versions as well as organic segments.   Kanter, C., K.D. Messer, and H.M. Kaiser, 2009, Does Production Labeling Stigmatize Conventional Milk?  American Journal of Agricultural Economics 91(4): 1097-1109.Producers may be hurt in net by positive impacts of labeling some of production since it stigmatizes the rest of production.  (Why is this a problem?  Why not a problem if it is bad for every other category of things sold?)  Case of rBST-free and organic milk.   Lusk, J.L. and B.C. Briggeman, 2009, Food Values.  American Journal of Agricultural Economics 91(1): 184-196.  Found highest values for safety, nutrition, taste and price, and lowest values in set of eleven for fairness, tradition, and origin… but messy results, and “food values are significantly related to consumers’ stated and revealed preferences for organic food.” (Abstract, p. 184).  Important that the attributes considered were from a literature review; the word “local” does NOT appear in the article.  Did include “naturalness”  and “environmental impact” .  Survey sample 61% college, 65% male, average age 56, average HH income “about” $74,000.  “Natural” was fifth highest ranked attribute, “Environment” was 8th of 11.  Interesting discussion of links between WTP for organic and different sets of attributes ranked by each respondent.  “Naturalness” strongly linked to organic WTP.   Janssen, M., A. Heid, and U. Hamm, 2009,   Is There a Promising Market ‘In Between’ Organic and Conventional Food?  Analysis of Consumer Preferences.  Renewable Agriculture and Food Systems 24(3): 205-213. German study – important that “organic” is different there!  Foods are sold with a single aspect of “organic”, such as low inputs of pesticides, additives, or concentrated animal feed… consumer preference study found very mixed sets of preferences, with food attributes important and potential market for shift from conventional to low-input choices with one special attribute as well as organic with several attributes. “Local” appeared in the article only as “local universities”. Berlin, L. W. Lockeretz, and R. Bell, 2009, Purchasing Foods Produced on Organic, Small and Local Farms: A Mixed Method Analysis of New England Consumers.  Renewable Agriculture and Food Systems  24(4): 267-275.Found smearing of concepts of small, local, and organic.  Freshness, taste, nutritional quality and safety were “compelling” preferences in all three categories.  “The challenge for the small, local and organic producer will be to continue to hold the consumer’s attention as the general perception of organic farming shifts to a more industrialized model.”  (Abstract: p 264.)  Extended discussion of perceptions of “local” and resentment of industrial agribusiness.  Very positive associations with local and small-scale farming.  Local seemed valued as distinct from small-scale and organic.  Partly done before the 2002 USDA standards, partly after, so smearing may be affected by that.  May have been shifting since then. Conner, D.S., A.D. Montri, D.N. Montri and M.W. Hamm, 2009, Consumer Demand for Local Produce at Extended Season Farmers’ Markets: Guiding Farmer Marketing Strategies.  Renewable Agriculture and Food Systems 24(4): 251-259.Study of potential for extended season of farmers’ markets in Michigan, where produce could be available earlier and later with hoop houses.  Found WTP  “a premium for large quantities of locally grown produce, with many placing highest value on products grown in Michigan.” (Abstract, p. 251).   Social and local economy benefits from local food markets, successes, and opportunity for extended season.  Hoop houses are unheated, plastic, working as low-cost greenhouses.[Note: if you had some extra methane available… you could run some heating…]



http://www.ers.usda.gov/Briefing/Organic/Demand.htm 

And this has gone too long!  But in the hope of providing some sense of urgency for changes! 



Nobody in the driver’s seat…  this is “development” of some of the best farm land in the US 

Presenter
Presentation Notes
Photo 2010, Bessemer Ditch farm land, East of Pueblo, CO, John Wiener.  Talking with the owner of this land provided a good illustration of problems of encroachment of “development” on farming.  This field of alfalfa looked good to me, but I was shown how badly it is infested with weeds which his neighbors refuse to control, as they dislike herbicides.   Or tractors on the road, or the smells of fertilizers…  The National Agricultural Lands Study was very good on the set of frictions and pressures from encroachment, and the loss of agriculture-serving  business when thresholds of local demand are no longer met.
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